Introduction
Psychogenic nonepileptic seizures (PNES) superficially resemble epileptic seizures (ES) but are not caused by the abnormal electrical discharges in the brain which are associated with epileptic seizures. PNES are considered an experiential and behavioural manifestation of distress. PNES are one of the three most common diagnoses made when patients present to clinicians with transient loss of consciousness, and explain about 20% of presentations to seizure clinics [1] .
Whilst PNES may be under-researched compared to epilepsy, the number of publications about this disorder has increased rapidly over the last three decades. Whereas 10 years ago, it still seemed possible to give a reasonably comprehensive overview of the whole literature about the disorder [2] , it has since become necessary to summarise recent developments in the field more frequently. We have previously provided a summary of research about PNES published between 2008 and 2011 [3] . For this current review we have carried out a systematic literature search of publications about PNES from the last 3 years. We then used subjective expert judgement to select the 50 publications from the 3-year review period, which we deemed most important and discuss these publications in greater detail. However we provide the full list of publications identified as additional online content and invite interested readers to look at all papers published between October 2011 and October 2014 (see additional web content). Notably Seizure 29 (2015) [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] this review focuses entirely on primary research studiesimportant review articles or policy statements (such as the publications of the Commission on Neuropsychobiology or the Psychogenic Nonepileptic Seizure Task Force of the International League against Epilepsy [4, 5] ) are not covered.
In addition to providing a summary of the key research findings of the last 3 years and to discussing the likely direction of future research, we aimed to assess the quality of research about PNES during this period using the criteria for evaluating research methodologies proposed by the American Academy of Neurology [6] . Given that the particular expertise of the authors is in the assessment and treatment of adults with PNES, and that there are important differences between PNES in adults and children, this review focuses entirely on the adult literature.
Method
The most recent publications covered in our previous update about progress in the understanding and treatment of PNES was from October 2011 [3] . Our systematic literature search for this review therefore covered work published between October 2011 and October 2014. We conducted the search using three comprehensive databases (Web of Knowledge, Ovid Medline and Scopus). The following search parameters were used in the topic, title, abstract and keywords fields: ((nonepileptic NEAR attack$) OR (non-epileptic NEAR attack$) OR (nonepileptic NEAR seizure$) OR (non-epileptic NEAR seizure$) OR (pseudoseizure$) OR (dissociative NEAR seizure$) OR (dissociative NEAR convulsion$) OR (pseudoepilep$) OR (hysterical NEAR seizure$) OR (hysterical NEAR convulsion$) OR (hysteroepilepsy$) OR (conversion NEAR seizure$) OR (psychogenic NEAR seizure$) OR (functional NEAR seizure$) OR (nonepileptic NEAR event$) OR (non-epileptic NEAR event$)). These search terms were considered to include the various terms associated with PNES. The systematic search was complemented by hand searches of publications not picked up but referenced in the identified papers. We examined the abstracts of all identified publications and excluded all original articles published in languages other than English, review articles, conference abstracts, case studies, book reviews, journal letters, journal notes, studies on functional disorders generally rather than PNES specifically, studies focussing entirely on PNES in children (below 16 years of age), and studies which focused predominantly on epilepsy.
In order to assess the quality of recent PNES research, we graded all publications identified using the criteria published by the American Academy of Neurology [6] . The criteria which are considered when grading the quality of evidence of a study vary depending on the nature of the research question, but elements such as generalisability, objectivity of assessment, randomisation, and blinding are generally considered. Class 1 evidence is obtained when the study design is prospective, randomised and controlled, and when the sample includes a broad spectrum of individuals, using a reference standard for case definition. Researchers must be blinded during the outcome assessment. Class 2 studies can include welldesigned retrospective studies as long as they include a broad spectrum of individuals diagnosed with the condition under investigation. Retrospective research which only includes a narrow selection of the target population is graded as Class 3 evidence. If the outcome is not objective then it must be measured in an independent evaluation. Studies considered to be the lowest grade of evidence, Class 4 evidence, is provided by uncontrolled studies in which assessments are not applied independently. Expert opinions and case studies are also included at this level of evidence.
To identify recent research trends in PNES, expert judgement was used to select the 50 most important publications from the review period. We summarise and discuss the main findings of these papers. The expert judgement was made by MR and was necessarily subjective. Whilst taking account of the quality of the methodologies employed, our selection was mostly influenced by our impression of which publications would be most relevant to future progress in the field.
Overview of identified PNES research papers
The systematic search of the literature described above yielded a total of 819 English language publications. Once duplicates were removed, the application of the listed exclusion criteria identified 145 relevant papers. A further five papers were identified by checking reference lists. Only one of the recent research studies met the requirements for a Class I study. The majority of studies had a lack of control and randomisation, utilised small sample sizes, and had insufficient levels of blinding and objective assessment, leading to 28 studies being graded as Class 2 evidence, 48 as Class 3 evidence, and 73 as Class 4 evidence.
The 50 most important publications are summarised and discussed below under the thematic headings Diagnosis, Psychological Factors, Neurobiology, Burden, Treatment and Prognosis.
Diagnosis
The accurate and timely diagnosis of PNES continues to present a clinical challenge, and recent research confirms that the accurate diagnosis of PNES still tends to be made several years after the manifestation of seizures. The publications discussed in this section could, potentially, contribute to improvements in the speed and accuracy of the diagnostic process.
Ictal observations
Various diagnostic methods have been considered for aiding the differential diagnosis of seizures, and research has focused on evaluating the sensitivity and specificity of these techniques. Bayly et al. [7] used data from wristband movement monitors to analyse movement patterns associated with epileptic seizures and PNES. Accelerometer traces from 56 convulsive seizure events from 35 patients were analysed. Twenty-six of these participants had a diagnosis of PNES, eight had a diagnosis of epilepsy, and one participant presented with mixed seizures. An epileptologist blinded to other clinical information, was able to use wristband data alone accurately to classify 92.7% of seizures as nonepileptic and 75% as epileptic. Additionally, he was able to differentiate between the epileptic and nonepileptic events exhibited by the participant with both seizure types. This study suggests that frequency analysis of wristband movement data might be a useful diagnostic tool in patients whose PNES involve motor activity.
Rosemergy et al. [8] explored whether postictal respiration patterns could be an additional method to assist in differentiating between ES and PNES. Video recordings of 72 convulsive seizure episodes from 56 patients were examined by blinded readers, who counted the rate of respiration for one full minute at 2-min intervals. They determined significant differences in the postictal respiration rates between the two patient groups, and concluded that patients with PNES breathe more rapidly immediately after a seizure event although their respiratory rate then normalises quickly, whereas patients with epilepsy may exhibit a more prolonged period of stertorous respiration. The time it took for respiration to return to normal, was twice as short in individuals with PNES as in those with ES. Whilst this method alone is not suitable for determining seizure classification, it could be useful for clinicians as an initial indicator of seizure type at a patients' bedside.
A recent meta-analysis has suggested that monitoring ictal eye closure might be a useful method for identifying seizure type. Six studies were included, all which used video recorded data. A pooled analysis showed that the presence of ictal eye closure had a sensitivity of 58% and a specificity of 80% for a diagnosis of PNES (pLR = 12.754) [9] . However, it is important to note that this analysis included studies in which the researchers assessing ictal eye closure were not blinded to the diagnosis. The diagnostic utility of ictal eye closure decreased when a pooled analysis was conducted which only included studies in which the assessment was performed by a researcher blinded to diagnosis (pLR = 3.056).
Taken together with previous studies suggesting that self-or witness-reported eye closure is of much more limited differential diagnostic value than video-EEG observed eye closure, it is evident that the interpretation of this particular observation requires further study and that it is important to take account of the mode of obtaining information about eye closure when the diagnostic value of the information is being considered.
Neurophysiological measures
Beniczky et al. [10] explored the differentiating value of surface electromyography (EMG) patterns from deltoid muscles recorded during epileptic or nonepileptic seizures. Twenty-seven individuals with seizures and 21 healthy controls participated in a study, in which EMG was recorded whilst participants underwent video-EEG telemetry. Researchers analysed the electromyography (EMG) readings and identified features specific to each seizure disorder. Based on these EMG criteria, three independent reviewers, blinded to all clinical information about the participants, correctly classified 97.2% of patients. This research suggests that tonic muscle activation differs between epilepsy and PNES and may be a viable electrophysiological biomarker for these seizure disorders.
Other researchers have focussed on electroencephalographic (EEG) data. Atypical network properties have been reported in patients with PNES, but were also found in patients with epilepsy. Xu et al. examined whether there may be differences in network topologies between these two patient groups [11] . They assessed the discriminating value between PNES and epilepsy of common spatial patterns extracted from resting-EEG-derived brain network topology. They analysed spatial pattern data of 15 individuals with PNES, 15 healthy controls and 10 ES patients, and found that subjects with PNES showed stronger linkages between the frontal area and the temporal occipital area than epilepsy patients. They reported 92% accuracy, 100% sensitivity and 80% specificity when using the identified differences in connectivity patterns to differentiate between the two types of seizure disorder. This is an interesting finding, but given the small group sizes studied and the heterogeneity of both epilepsy and PNES these results will have to be replicated in larger patient groups (and different subpopulations of patients before more can be said about the diagnostic value of this approach).
Psychological measures
Several studies have attempted to differentiate between patients with PNES and ES using psychological measures. Benge et al. [12] demonstrated the diagnostic utility of the 'Structured Interview of Malingered Symptomatology' (SIMS), which is a selfreport instrument comprising of forced true/false choices and designed to detect atypical or implausible symptoms. Ninety-one participants with PNES and 29 with ES completed the questionnaire. Using the recommended cut off score for the SIMS, this questionnaire had a sensitivity of 0.76 and a specificity of 0.55 for PNES. However, several of the epilepsy patients also reported scores that fell above the cut-off value and Benge et al. warned that mild elevations should be interpreted with caution. When explored further, only neurological and affective subscales of the SIMS were predictors of PNES, and considering the scores for these subscales may therefore be more beneficial in aiding diagnosis. It is important to note that the symptom reporting on the SIMS may reflect actually experienced dissociative symptoms (or indicate increased suggestibility) rather than malingered symptomatology.
Another group of researchers highlighted psychological pathways that might be common to PNES and other functional disorders, and considered whether identifying individuals with additional functional complaints might help to differentiate PNES and ES patients [13] . Gazzola et al. conducted a retrospective record review of 85 PNES patients and 85 ES patients and found that patients with PNES were significantly more likely to report chronic pain disorders and to utilise pain medication. The positive predictive value of prescription pain medications for PNES patients was 76.9%.
Interactional features
A number of studies have developed previous research demonstrating that close attention to the interactional contributions which patients with seizures make when they talk to the doctor about their problem can help with the differential diagnosis of PNES and ES. Cornaggia at al. used Conversation Analysis in Italian speakers with ES or PNES seeking to replicate an approach previously used in German and English speaking patients [14] . They showed that a linguist blinded to all medical information about a patient could correctly predict the medical diagnosis of epilepsy or PNES in 9/10 patients. Patients with epilepsy gave descriptive and detailed reconstructive accounts of their seizures, elaborated subjective symptoms, quantified the periods preceding and succeeding their seizures and used imagery to depict their seizures. In contrast, individuals with PNES found it difficult to describe their seizures and relied on the descriptions of witnesses. They felt unconnected to their seizures, reported no memory of what occurred during their seizures, or resisted answering questions seeking more detailed information about seizure symptoms.
Robson focused on references to non-present third parties in clinical interactions between seizure patients and doctors [15] . Third party references were identified in transcripts of 13 first clinic encounters between patients with PNES with a neurologist and seven first encounters involving patients with ES. Individuals with PNES were considerably more likely to use third party references to catastrophise their seizure experience, and this was seen in 92.3% of PNES patient encounters as opposed to 14.3% of encounters with epilepsy patients. However 85.7% of patients with epilepsy used third party references to normalise their seizures, whilst this was only identified in 15.4% of interactions with PNES patients.
Accuracy of diagnosis
Several recent studies have been based on showing videos of seizures. Two studies demonstrated that, when blinded to additional information and asked to make a choice between ES and PNES, health care professionals vary in their ability to make correct diagnoses on the basis of seizure videos [16, 17] . When 18 neurologists assessed video footage of seizures, diagnostic sensitivity was 0.87, and specificity was 0.82. A group of eight junior doctors viewing the same video recordings achieved 0.5 sensitivity and 0.56 specificity for each seizure type. Groups of various other professionals, including neurology trainees, medical students and neuroscience nurses, demonstrated a diagnostic accuracy above that of junior doctors, but below that of neurologists [16] . O'Sullivan et al. conducted a study corroborating these findings, and showing that diagnostic accuracy increases in line with clinical seniority and clinical confidence [18] . They also showed how diagnostic accuracy of health care professionals can be improved. They evaluated a focused teaching intervention in which they administered a 15-min presentation to a varied group of medical professionals, highlighting the semiological features typical of PNES or ES. When asked to rate 12 video recordings, the teaching intervention had improved participants' sensitivity for differentiating PNES from epilepsy from 0.77 to 0.88 and specificity from 0.55 to 0.67. Similarly, Seneviratne et al. [16] employed a video based training which was found to improve the accuracy of diagnosis. The benefits of this training were maintained in emergency medicine trainees and medical students 6 months after the intervention.
Whilst seizure experts may be increasingly skilled in determining seizure type by video analysis, a significant proportion of patients and caregivers seem unable to correctly identify episodes. This can cause particular difficulties when an individual has ES and comorbid PNES. Twenty-four patients and their caregivers viewed video recordings of the individual having seizure events [19] . Caregivers proved better at identifying seizure type than patients, however, only 48% of caregivers accurately classified all seizures. This ability was enhanced when patients only experienced one type of epileptic seizure. Accurate recognition by patients themselves was improved in those individuals who reported that they retained some consciousness during PNES episodes.
Psychological factors
Considerable progress has been made over the last 3 years in the understanding of the psychological mechanisms underpinning PNES.
Self-report studies
A number of studies have demonstrated that PNES patients present emotional regulation profiles that differ from healthy controls or patients with ES. However, it appears that there are subgroups within the PNES population that are characterised by different emotional processing styles. One study of 55 PNES patients differentiated two clusters of patients on the basis of their responses to self-report measures assessing emotional dysregulation, quality of life and psychopathology symptoms. They identified one group of PNES individuals who present with little emotion dysregulation but increased avoidance and emotional unawareness, and a second group of PNES individuals who have high levels of emotion regulation difficulties, who are prone to additional psychiatric symptoms and lower quality of life [20] .
Brown et al. [21] conducted a study using a similar set of selfreport measures and, again, within a group of 43 patients with PNES, two distinct subgroups were identified. Only one subgroup was characterised by significant problems with emotional regulation [21] . The other subgroup displayed elevated levels of somatisation and depression but comparatively normal levels of alexithymia and emotional regulation. Further research needs to explore whether the apparent absence of emotion dysregulation might be due to emotional avoidance or whether these patients do not experience problems with the processing of emotions.
Several studies have looked at alexithymia in PNES patients as a particularly relevant concern in patients whose seizures are thought to be caused by abnormal emotion perception or processing. Kaplan et al. compared the levels of alexithymia reported by 96 patients with PNES and 82 patients with ES [22] , and found that those with PNES have higher levels of alexithymia as well as a greater incidence of childhood trauma than those with ES. Similarly, Myers et al. found a high prevalence of alexithymia on the Toronto Alexithymia Scale-20 in a group of 66 patients with PNES (36.9%), although similar levels of alexithymia were detected in 35 ES patients [23] . Alexithymia was found to be associated with cynicism and with a history of trauma in the PNES patient group. The researchers emphasised the scope of this understanding for informing treatment, explaining that by teaching patients to identify and evaluate stressful triggers and to link these with physiological events, they could develop a sense of control over their seizures.
Furthermore, research has suggested that alexithymia in PNES patients may be directly associated with seizure rate. Urbanek et al., [24] showed that self-reported seizure frequency correlated with emotion regulation difficulties. Comparing the responses to selfreport measures from 56 individuals with PNES and 88 healthy participants, they showed that PNES patients have a poorer understanding of their emotions, hold more negative beliefs about their emotions and have a greater tendency to try to exert control over emotional expression than healthy individuals. However, the intensity of emotional reactions did not differ between groups.
Another area of research has explored the coping mechanisms utilised by individuals with PNES. A study of 82 PNES patients showed that they tend to employ less effective emotion-focused strategies rather than task-focused strategies when faced with stressful situations [29] . Testa et al. [30] also demonstrated coping difficulties in patients with PNES. Although they did not identify more stressors or recent adverse experiences in a group of 40 patients with PNES than in 20 patients with ES, those with PNES reported elevated levels of perceived distress in response to negative life events, especially in domains of working, health, legal matters and social functioning. Patients with PNES also employed fewer planning and active coping strategies than healthy controls, which are typically adopted by people to reduce the impact of stressors. Given that these studies were carried out in patients with pre-existing PNES disorders, they cannot provide definitive information about the direction of the relationship between PNES and the tendency to use less effective coping strategies.
Some previous studies have found that patients with functional symptoms (including PNES) perform poorly on effort tests. Poor performance has typically been attributed to financial or other incentives and over-reporting of emotional and physical symptoms. Unexpectedly, this pattern was not identified in a recent study of 91 patients with PNES [28] . However, a history of abuse was found to be a strong predictor of failure on effort measures. This relationship has not been examined in other patient groups with functional symptoms, so it is not possible to draw comparisons, but one interpretation of this finding is that individuals who dissociate may have difficulties with encoding and learning new information, thus performing badly on tests requiring recall of even simple novel information.
Experimental studies
In keeping with earlier work, several recent studies have concluded that there is a high prevalence of past trauma in individuals with PNES. One study explored the differences between 18 PNES individuals with a history of trauma and another 36 individuals who had experienced trauma but had not developed PNES. The non-PNES trauma group were further separated into two subgroups, one of which was characterised by a low level of posttrauma symptoms (PTS) and the other in which individuals had a high level of PTS as measured by the PTSD Symptom ChecklistSpecific Event version (PCL-S). Participants viewed a series of emotional pictures whilst physiological measures were recorded. They rated the emotional valence and emotional intensity they experienced looking at each picture. There was no difference in PTS levels between the PNES patient and the PTS-high control group. PNES patients reported more emotional intensity to neutral and pleasant pictures than the PTS-low and more intensity to neutral pictures than the PTS-high group. They also showed less positive emotional behaviour to pleasant pictures than the PTS-high controls. PTS-high controls did not differ from PNES patients on measures of negative emotional behaviour or cardiac rhythm and respiratory reactivity to pictures, and they rated the pleasant/ unpleasantness of images similarly [25] .
Previous work has hypothesised that anxiety avoidance might play a key aetiological role in PNES. Dimaro et al. found significant discrepancies between low implicit and high explicit anxiety scores in 30 PNES patients, a pattern which was not identified in epilepsy or healthy control cohorts (n = 25 and n = 31, respectively) [26] . One suggestion is that this disparity is due to the dissociative nature of PNES, which may effectively stop patients from having to consider themselves as anxious individuals although they explicitly report symptoms of anxiety. This study also found that selfreported (explicit) anxiety, experiential avoidance and the implicit anxiety measure correlated with PNES but not ES frequency. The high levels of experiential avoidance demonstrated by PNES patients in this study corroborate the well-documented opinion that people with PNES work to avoid emotional experience, believe negative emotions are damaging, and experience emotional disconnection. Overall, the findings offer a rationale for psychological treatments which target avoidant behaviour patterns and cognitive dissonance.
Further exploring the emotion regulation impairments evident in PNES patients, one study linked these difficulties with cognitive deficits, noting that in comparison to 72 healthy controls, a group of 72 PNES patients were found to reappraise their cognitions less frequently and to show impairment in their ability to switch attention between emotion and non-emotion face categorisations [27] . This ability was positively correlated with expressive suppression, prompting the conclusions that individuals with PNES have inferior cognitive control of emotion.
Neurobiology
Several studies have aimed to identify physiological changes associated with PNES. Most of these studies are small, and compare heterogeneous PNES and epilepsy patient groups. To date, they have not produced consistent findings and none of the reported results have been independently replicated. Nevertheless, descriptions of these studies are included here because the methodologies used may well produce a better understanding of PNES in the future.
Heart rate variability
Ponnusamy et al. [31] compared resting electrocardiographic (ECG) recordings of 52 PNES patients, 42 ES patients and 35 healthy controls to investigate for potential heart rate variability measures as diagnostic biomarkers of ES or PNES. They found that both PNES and ES patients have reduced interictal heart rate variability compared to healthy controls (reflecting increased levels of autonomic arousal), but no differences between the PNES and ES groups.
However, heart rate variability during, or immediately before and after, seizure episodes may differ between ES and PNES patients. Reinsberger et al. [32] identified a significantly greater pre-seizure heart rate and lower post-seizure heart rate in 42 PNES patients than in 46 patients with epilepsy, suggesting greater preictal autonomic arousal and more rapid autonomic normalisation in PNES than epileptic seizures. Further work by Ponnusamy et al. comparing interictal and ictal heart rate variability in 26 ES and 24 PNES patients (one seizure recording per patient), confirmed that PNES is associated with significant autonomic arousal, although this is less marked than the arousal associated with ES [33] .
Electroencephalographic (EEG) studies
Xue et al. used interictal scalp electroencephalography to identified brain connectivity in PNES patients [34] . In their study findings in 15 PNES patients were compared with those in 15 age and sex matched controls. Patients with PNES had decreased long linkage between the frontal region and posterior regions compared to healthy controls. Furthermore, participants in the PNES group were found to have decreased clustering coefficients in the gamma band, a measure thought to be associated with reduced efficiency of information transfer. The alterations displayed by individuals with PNES may reflect decreased interactions both within individual brain regions and more globally, resulting in impaired information processing and integration. One interpretation of these findings is that reduced prefrontal connectivity may result in impaired executive control -contributing to the motor manifestations evident in PNES.
Using a graph theoretical approach on scalp EEG data, Barzegaran et al. [35] found that 13 PNES patients displayed a weakness in local connectivity and skewed balance between local and global connectedness in EEG alpha band in comparison to 13 healthy controls. These topological indices were both positively correlated with self-reported PNES frequency, strengthening the potential aetiological significance of this observation.
Magnetic resonance studies
Using resting state fMRI, van der Kruijs et al. [36] found that PNES patients show network abnormalities, which could underpin the dissociative symptoms often reported by patients with this seizure disorder. In comparison to 12 healthy controls, a group of 11 PNES patients displayed increased functional connectivity between the insula, the inferior frontal gyrus and parietal cortex and the precentral sulcus -areas involved in emotion, executive control and movement, respectively. The functional connectivity measure correlated positively with self-reported dissociation scores, which were significantly higher in the PNES cohort. The researchers interpreted their findings as demonstrating more direct emotional influences on executive control and motor function in patients with PNES.
Ding et al. [37] found differences between 18 PNES patients and 20 healthy controls when using functional Magnetic Resonance Imaging (fMRI) connectivity density mapping. PNES patients were identified using video-EEG recordings, and then imaging data was collected from all participants. PNES patients had abnormal Functional Connectivity Density values in the frontal, sensorimotor and occipital cortices, in the cingulate gyrus and insula. Functional connectivity between these regions was also disrupted. Further examination of this data demonstrated that impairments in the occipital cortex correlated with the duration of PNES symptoms. It is conceivable that this alteration could reflect longstanding hypervigilance and increased activation of response systems in patients with PNES.
In another study Ding et al. [38] used functional Magnetic Resonance Imaging (fMRI) and Diffusion Tensor Imaging (DTI) tractography to examine functional connectivity in a study involving 17 patients with PNES and 20 healthy controls. They constructed functional connectivity networks based on fMRI resting state signal correlations and structural connectivity networks using DTI tractography. Individuals with PNES showed relatively regular organisation of functional and structural connectivity networks, similar to that demonstrated in the healthy control group. This implies a difference in the pathogenic mechanism of PNES and ES, as individuals with epilepsy tend to have a more varied and random brain architecture. However, in line with previous findings, PNES patients showed reduced connectivity compared to healthy controls, suggesting that PNES could be the result of poor integration of emotion processing, executive control and motor networks in the brain. Additionally, individuals with PNES had altered nodal characteristics in their structural connectivity networks in comparison to the control group. This abnormality was identified in key brain regions including those associated with attention and sensorimotor systems. Last but not least, this study demonstrated a reduced coupling strength of functional and structural connectivity in the PNES population. The measure of coupling strength showed high sensitivity and specificity in the differentiation of individuals with PNES from healthy controls. An optimal cut-off value for functional-structural connectivity structuring, classified study participants correctly into the patient and control groups with a sensitivity of 75% and a specificity of 77%.
Labate et al. [39] examined whether there are identifiable structural MRI abnormalities in patients with PNES. MRI scans of 20 patients with PNES and 40 healthy participants were assessed by morphologic whole-brain measurements, voxel-based morphometry and cortical thickness analysis. The PNES group exhibited abnormal cortical atrophy of the motor and premotor regions in the right hemisphere and the cerebellum bilaterally. This pattern of abnormality is in line with other research demonstrating sensorimotor circuit impairments in individuals with PNES. Furthermore, this study identified that atrophy in the premotor regions was associated with increased levels of depression as detected by neuropsychiatric assessment.
Burden
Having PNES can affect a person in many ways and across different domains of their life. A number of recent studies have focused on the impact that PNES can have on a patient's financial situation, their social relationships and their health-related quality of life (HRQoL).
Quality of life
The relationship between PNES and reduced quality of life is well-established. Myers et al. [40] undertook a study to explore this relationship further and identified self-reported depression, somatic symptoms, and expression of anger as correlates of reduced HRQoL in 62 PNES patients. This finding highlights these factors as potential targets for psychotherapeutic treatment.
Some recent research has explored the previously neglected impact of PNES on caregivers. Karakis et al. [41] found that, in a sample of 33 PNES patients and 126 ES patients, individuals with PNES reported lower HRQoL scores than those with ES. However, 18 caregivers of individuals with PNES and 48 of ES patients also rated their own quality of life, and the scores for each group were comparable. Across the board, caregiver quality of life correlated with caregiver burden, indicating a need to consider the burden and quality of life of caregivers in practice.
It has also been noted that PNES patients, similar to ES patients, experience injury and adverse events during seizures [42] . The medical records of 24 patients with PNES and 20 patients with ES, who were admitted to an epilepsy monitoring unit, were reviewed to determine seizure frequency, seizure duration and seizure semiology. Video-EEG recordings for these patients were reviewed by independent assessors to determine injuries, falls and adverse events that occurred during episodes. The data showed that whilst patients with ES did experience a greater number of falls during seizure events, the frequency of falls in the PNES population was still significant, and several of these incidents were serious. It is evident that PNES patients are at risk of harm during seizure episodes and this will impact their quality of life.
Financial
Research into the financial impact of PNES on society at large and on individual patients and their families remains sparse. A study by Magee et al. explored the economic burden of PNES in Ireland, concluding that, whilst the precise economic cost was difficult to approximate, the combined annual cost of diagnosis and treatment per patient is around s5429.30 ($6809.66, £4339.41) [43] . The authors conclude that earlier diagnosis and intervention may realise significant financial savings.
In Scotland, researchers considered the burden of PNES on an emergency department, by conducting a 1-year prospective audit of use of health care services by 28 individuals newly diagnosed with PNES (mean duration 7.3 months). They identified a high demand of emergency health care by individuals from the onset of their seizures to diagnosis, however utilisation of emergency services decreased significantly over the six months after communication of the diagnosis [44] .
Ahmedani et al. [45] similarly reviewed the utilisation of health care services by individuals with PNES in the United States, and demonstrated a high level of demand on services by this patient group. Scrutinising the medical records of 103 PNES patients before and after receiving their diagnosis, they showed that the diagnosis was usually made after a multitude of medical tests including MRI, video EEG and Computed Tomography (CT) scans. However, in the year following diagnosis, there was a decline in health care usage and inpatient stays, yielding large cost savings. These studies highlight the importance of early identification of PNES to reduce the overall burden on both individuals and health services.
Treatment and prognosis

Communication of the diagnosis
The improvement of the delivery of a PNES diagnosis has been a particular focus of research over the past 3 years.
Whitehead et al. [46] explored illness representations of neurologists and patients with PNES, to explore the gap neurologists may have to bridge when communicating the diagnosis of PNES. Forty-five neurologists, 40 patients with PNES, and 38 patients with ES responded to the Illness Perception Questionnaire (IPQ) and a single item question about the psychological or physical nature of the disorder. Neurologists viewed PNES as more treatable and more amenable to personal control than the patients themselves. Furthermore, they considered PNES a completely or largely psychological disorder. Conversely, the majority of patients thought of their seizures as a physical or partly physical problem.
One study analysed video-recordings and transcripts of real-life clinical encounters in which neurologists communicated the diagnosis of PNES, and described the interactional and linguistic resources that doctors use during this activity [47] . Three doctors were involved in this study, and 17 patients were recruited. Formulation effort on the part of the doctor increased during the course of the interaction with the patient, and was most prominent when the aetiology of the patient's seizures was discussed and when psychological treatment was recommended. Consultants displayed a high level of caution, delicacy and defensiveness when delivering a diagnosis of PNES, unlikely to be required when communicating more straightforward diagnoses (including epilepsy). The level of formulation effort was not entirely explained by interactional resistance on the part of the patient. The authors concluded that the doctor's communication style may well impress upon the patient that the doctor is giving them an unfavourable diagnosis even if the content of the doctor's explanation may have been intended to be reassuring and positive.
Mayor et al. [48] conducted a multicentre study to assess shortterm outcomes of 44 PNES patients who had been exposed to a specific communication strategy. The diagnosis was delivered by neurologists who followed a crib sheet and used a leaflet about PNES to reinforce the information provided verbally. Six-months post diagnosis, 16% of participants were seizure free, and a further 23% showed greater than 50% reduction in seizure frequency. However, self-report measures of HRQoL, levels of functioning, activity levels and symptom attribution, continued to show elevated levels of disability and distress, indicating a need for further intervention.
Psychological intervention
A number of relatively brief and low-intensity psychoeducational or psychotherapeutic interventions for PNES have been described over the last 3 years. However, appropriately powered, controlled, effectiveness studies of these (or more elaborate psychotherapies) are still lacking.
Chen et al. [49] evaluated a group psycho-educational program which was delivered by the team who had communicated the diagnosis. The program included three, 1.5 h sessions delivered monthly. The authors found no differences in PNES frequency or intensity between 34 patients who received the intervention and 30 individuals who received standard medical care. However, the intervention group showed significant improvements on a measure of work and social adjustment at 3 and 6 months follow-up, as well as a reduction in emergency room visits and hospitalisation.
Mayor et al. [50] conducted a feasibility study of a four-session one-to-one psycho-educational intervention; designed to be delivered by healthcare professionals with minimal experience in psychological therapies. Results were promising, with 4 of 13 patients seizure-free and three additional patients showing a greater than 50% reduction in seizure frequency at follow-up.
Conwill et al. [51] evaluated the effectiveness of a CBT-based 'information and management' group intervention, comprised of four sessions delivered by a liaison nurse and an occupational therapist trained in neuropsychiatric conditions. The intervention focused on the analysis and consequences of actions, thoughts, feelings and physical sensations related to the patients' presenting symptoms, with an aim to develop effective coping strategies. Sixteen patients were recruited for this study, ten of which had a diagnosis of PNES. The remaining six patients had other functional neurological symptoms (FNS). Following intervention, trends towards improved scores were seen on both self-report measures (Short Form Health Survey (SF-36) and the Hospital Anxiety and Depression Scale (HADS)) and in ratings by clinicians. However, no significant improvements in total scores were noted. The improvements demonstrated by individuals with FNS were greater than those evident in PNES patients. The biggest impact of the intervention was reflected in the emotional wellbeing domain of the SF-36, where improvement following intervention reached significance when all patients were considered as one population.
More recently, LaFrance et al. [52] have piloted a four-arm randomised controlled trial design to evaluate different treatments for PNES in comparison to standard medical care. Thirty-eight participants were recruited across three sites, and randomised to medication only, Cognitive Behavioural Therapy (CBT) oriented psychotherapy only, CBT with medication, or treatment as usual. Participants were followed up for sixteen weeks and data from self-report measures and clinician assessments was obtained at various time points. Due to the nature of the treatment, clinicians were not blinded to randomisation. Results showed that patients who received CBT informed psychotherapy showed significant reductions in seizure frequency (51.4%) and improved on measures of well-being. Similar improvements were seen in the group of patients who received CBT psychotherapy and medication (59.3% seizure reduction). Given the low power of this study, it was not possible to detect group differences to see if CBT and medication led to significant gains above those produced by CBT alone. No significant improvement was seen in the medication only or treatment as usual groups, implying that CBT psychotherapy might be the treatment of choice in this patient group.
It has been noted that there is a high rate of drop out from psychological treatment in the PNES patient population [53] . To explore this pattern of attrition, Baslet and Prensky developed a model of predictive factors for initial treatment retention. They showed that having a live-in partner and the offer of integrated mental health treatment provided within one service were predictive of adherence to treatment. However the presence of subjective cognitive complaints and concurrent use of AEDs were predictive of nonadherence.
Prognosis
Duncan et al. [54] considered the long-term usage of health care services by 188 PNES patients, 5-10 years after diagnosis. Reductions in utilisation of health care services were seen across several services. At the point of data acquisition, only 31.9% of patients had presented in primary or secondary care services with seizures in the previous 6 months (compared to 100% at baseline). Furthermore, only 11% of participants remained on antiepileptic drugs (49.1% at baseline). Reductions in emergency admissions that were observed immediately following diagnosis were sustained long term and, at follow up, only 13.4% of people had presented in emergency services in the previous 6 months. This is comparative to 44.6% of individuals utilising emergency services at baseline. Many PNES patients remained unwell from a mental health point of view, accessing psychiatric services and being prescribed antidepressant drugs throughout the study period. At follow up, the proportion of patients on anti-depressant medication had increased from 23.9% to 39.5%. Only 22.8% of participants were in paid employment at 5-10 years follow up.
Continuing on from this research, Duncan et al. [55] wanted to determine if the reduction they had previously noted in health care usage by PNES patients was due to improvement in PNES or whether these patients had simply stopped accessing services despite ongoing seizures. A postal questionnaire completed by 75 patients, revealed that at 5-10 years post diagnosis, 36.5% of patients reported being free of attacks completely and 52.1% of responders reported that they had not had an attack in the past 6 months. In almost all patients, there was a substantial reduction in the frequency of seizures compared to baseline reports. However, it was found that self-report did not match up with hospital or primary care data about PNES. In the 6 months prior to data collection, 6 of the 27 patients who reported they were seizure free had accessed health services because of PNES, and 29 of the 47 patients who were not reportedly seizure free, had not reported still having PNES in a health care setting although many of these patients had seen their family doctor in this period. This study highlights that it is important to consider the data source when interpreting PNES outcomes.
Exploring prognosis in PNES patients from another angle, investigated whether the reaction of patients at the initial point of diagnosis was associated with their longer term outcomes. Neurologists had rated the initial reactions of 238 patients and, where possible, their caregivers (n = 106), at both diagnosis and at 6-12 months post diagnosis. They recorded whether or not the diagnosis was 'accepted' which was interpreted as meaning that the participant had understood the diagnosis as a psychological condition in which psychological treatment would be optimal. If a diagnosis was rated as being 'accepted' it was also supposed to reflect that the patient accepted their attacks were related to life circumstances and emotions. Acceptance by patients was found to be linked to prognosis at 6-12 months with 'accepting' patients being 2.85 times more likely to be seizure free than those who did not accept their diagnosis initially. However, at 5-10 years post diagnosis, patient acceptance did not correlate with seizure outcomes.
Duncan et al. [56] also explored the mortality of 260 PNES patients. There was a modest increase in the premature (<75) death rate of individuals with this disorder, compared to population norms. The premature mortality rate was 0.58%, which differs from a Scottish premature mortality rate of 0.41% in the age group 40-75 years. However, a more detailed analysis of individual causes of death did not suggest any direct link with PNES.
Discussion
Whilst most of the 150 original research papers published about PNES in the last 3 years were of low quality it is exciting to see how dramatically the quantity of PNES research has increased, how many countries now contribute to progress, and how broad the range of research methodologies is which have been used in this field in the last few years.
Much research has focused on the use of different techniques to improve the diagnosis of PNES, and a number of interesting physiological and psychological methods have been described. There has also been a drive to explore the different interactional features exhibited by ES and PNES patients when they describe their problem to the doctor, with the view to making more efficient use of this information in the differential diagnosis. Whilst these studies may help to improve the diagnostic process, they also demonstrate that the correct and timely diagnosis of PNES (and the accurate differentiation of PNES and epilepsy) continues to require significant expertise. Rather than replacing expertise in the assessment of patients, the interpretation of the clinical data discussed in these studies continues to rely strongly on expert judgement and simple but reliable diagnostic techniques for non-experts who may well be faced with PNES (such as ambulance staff or healthcare workers in Emergency Departments) have yet to be developed.
Recent research has provided us with a much better understanding of physiological and psychological factors contributing to PNES. It is now clear that the PNES population is aetiologically and experientially heterogeneous. However a modest number of subgroups characterised by different levels of psychopathology and emotional dysregulation have been identified. Patterns of alexithymia, emotional avoidance and the preferential use of ineffective coping strategies have been noted in these patients, and hypothesis-driven experimental studies have made important contributions to understanding the psychological foundations to this disorder.
Over the last 3 years PNES research has been enhanced by the use of novel neurobiological methods indicating that PNES may be associated with atypical functional connectivity as well as subtle structural brain abnormalities in sensorimotor circuits. One common interpretation of these findings has been that PNES patients display reduced integration of emotional processing, executive control and motor networks. Unfortunately, these studies examined relatively small and heterogeneous PNES patient groups. Whilst these research approaches hold much promise it is currently too early to draw firm conclusions on the basis of these findings.
Recent research has also provided more information about the burden of PNES, both at the individual and societal level. This disorder clearly impacts the emotional, physical and social functioning of an individual as well as their family and caregivers and is associated with reduced quality of life. More broadly, the financial implications of diagnosing and treating these patients are great. Recent studies highlight the potential cost savings of an early diagnosis and effective management pathway, reducing inappropriate health care utilisation. Whilst the additional information provided by recent studies about health care costs associated with PNES is very welcome, we still know very little about indirect costs associated with PNES (such as lost earnings of patients and care givers).
A considerable number or recent studies focused on PNES treatment. Whilst there is currently no clear consensus about the most effective therapeutic approach and sufficiently powered high quality studies are still lacking, a number of studies have demonstrated that relatively modest interventions (such as a clear and acceptable explanation of the diagnosis or a modest number of sessions of psycho-education) can yield significant benefits.
Limitations
This review has limitations. We encountered some difficulties applying AAN criteria to a wide range of methodologically heterogeneous studies. Some publications lacked information about aspects which may have affected the quality rating of the research conducted. Particular difficulties with the application of the AAN criteria arise when rating studies of psychological treatments which cannot be delivered in a blinded manner and which may have outcomes not accessible to objective measurements across groups of patients or by blinded independent raters.
We also free acknowledge the bias involved in one expert identifying the 50 most relevant original papers from the review period. We have included a full list of all references identified as additional web content, and interested readers are advised to look at the whole list of publications if they would like to gain an insight into the full range of studies.
Conclusion
The impressive acceleration of PNES research in all of these areas over the last decades suggests that there are reasons to be optimistic about the future of research in this field. Whilst research funding may still be difficult to secure for a disorder which does not have a natural home in a world neatly carved into different medical specialities (and speciality-oriented research funding streams), it is great news for the field that an increasing number of the studies undertaken in this field are experimental, hypothesis-driven projects. However, perhaps in part because of the funding difficulties, the vast majority of studies undertaken in this area are, to date, still of low quality. Some well-designed studies have been carried out, but fall short because the low number of patients recruited cannot reflect the clinical and aetiological heterogeneity of the disorder.
It is exciting that new methods of investigation of brain functioning, for instance EEG or fMRI based connectivity studies, are allowing researchers to find out more about conditions which used to be ''medically unexplained'', and that researchers are working collaboratively to try and understand psychological features of this disorder in the light of new neurobiological insights. However, there is now a need to translate the increasing theoretical understanding into practical applications in order to develop effective treatment.
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